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 DUH FULWLFDO LQIUDVWUXFWXUHV WKDW DUH H[SRVHG WR GHOLEHUDWH RU DFFLGHQWDO
FRQWDPLQDWLRQV:DWHUVXSSOLHUVDUHLQVWDOOLQJVHQVRUVIRUZDWHUTXDOLW\DQGZDWHUTXDQWLW\WKURXJKRXWWKHLUQHWZRUNV
7KHVHVHQVRUVFUHDWHDKXJHDPRXQWRIGDWDWKDWDOORZVWRGHYHORSDV\VWHPWKDWLVDEOHWRPRQLWRUDQGSURWHFW:'1V
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K\GUDXOLF DQGZDWHU TXDOLW\ VHQVRUV DQG RQOLQH K\GUDXOLF DQG WUDQVSRUWPRGHOV DQG DOORZV DQ HVWLPDWLRQ RI WKH
ORFDOL]DWLRQRI WKHFRQWDPLQDWLRQVRXUFHDQG WKH VLPXODWLRQRI VKRUWWLPH IXWXUH VFHQDULRV LQRUGHU WRHVWLPDWH WKH
LPSDFWRIDFRQWDPLQDWLRQVRXUFH,QRUGHUWRPDNHDQDFFXUDWHVKRUWWHUPSUHGLFWLRQIRUFRQWDPLQDWLRQVFHQDULRVD
JRRGSUHGLFWLRQIRUWKHK\GUDXOLFVWDWHRIWKHQHWZRUNLVQHHGHG7KHK\GUDXOLFVWDWHLVVWURQJO\LQIOXHQFHGE\WKHZDWHU
GHPDQGLQWKHREVHUYHGDUHDWKDWSRVHVWKHQHHGIRUDQDFFXUDWHSUHGLFWLRQDQGFDOLEUDWLRQRIWKHZDWHUGHPDQG>@
'XHWRWKHIDFWWKDWZDWHUGHPDQGLVVXEMHFWWRKLJKVHDVRQDOLW\LWLVSUXGHQWWRXVHWKHWRROVRIWLPHVHULHVDQDO\VLVWR
PRGHOWKHZDWHUGHPDQGDQGSUHGLFWWKHFRQVXPSWLRQLQDGLVWULFWRUFRQVXPSWLRQQRGHVRIWKHQHWZRUN
7KHREMHFWLYHRIWKHPRGHOVSUHVHQWHGLQWKLVSDSHULV WKHSUHGLFWLRQRIWKHZDWHUGHPDQGIRUWKHSUHVVXUH]RQH
|VWOLFKH+RFKVWDGWLQ%HUOLQ7KHPHWKRGDOORZVWRSUHGLFWWKHZDWHUGHPDQGLQKRXUO\VWHSVIURPRQHKRXUXSWR
KRXUVLQWKHIXWXUH)XUWKHULWLVSRVVLEOHWRGHWHUPLQHWKHGHPDQGSDWWHUQIRUWKHQH[WKRXUV
7KHSDSHULVVWUXFWXUHGDVIROORZV7KHILUVWFKDSWHUJLYHVDVKRUWYLHZRQOLWHUDWXUHWKHDUHDIRUWKHFDVHVWXG\DQG
RQFRPPRQIHDWXUHVLQZDWHUGHPDQGSUHGLFWLRQ&KDSWHUSUHVHQWVWKHWZRPRGHOOLQJDSSURDFKHVXVHGLQWKLVSDSHU
IROORZHG E\ WKH GHWDLOHG GHVFULSWLRQ RI WKHPRGHOOLQJ SURFHVV ,Q FKDSWHU  WKH UHVXOWV RI WKH GHPDQG IRUHFDVWLQJ
SURFHGXUHVDUHSUHVHQWHGDQGHYDOXDWHG&KDSWHUJLYHVDFRQFOXVLRQDQGDORRNRQIXUWKHUSURVSHFWVIRUWKHUHVHDUFK
/LWHUDWXUH
,QWKHFRQWH[WRIZDWHUGHPDQGIRUHFDVWLQJDZLGHYDULHW\RIPHWKRGVKDYHFRPHWRXVHUDQJLQJIURPWKHFODVVLFDO
WLPHVHULHVDSSURDFKZLWK$5,0$W\SHPRGHOVWKDWDUHFRPPRQO\XVHGLQVWDWLVWLFVDQGHFRQRPHWULFVWRDQXPEHU
RIDOJRULWKPVIURPVWDWLVWLFDODQGPDFKLQHOHDUQLQJ,Q>@=KRXHWDOSUHVHQWDWLPHVHULHVPRGHOIRUWKHSUHGLFWLRQ
RIWKHGDLO\ZDWHUFRQVXPSWLRQLQ0HOERXUQH$XVWUDOLD7KHPRGHOLVIRUPXODWHGE\DVHWRIHTXDWLRQVWKDWFRQVLGHU
IRXUPDLQIDFWRUVRQZDWHUGHPDQGJLYHQE\ORQJWHUPWUHQGVHDVRQDOLW\FOLPDWLFFRUUHODWLRQDQGDXWRFRUUHODWLRQ
3UHLVHWDOSUHVHQWDGLIIHUHQWDSSURDFKZLWKWKH0PRGHOWUHHDOJRULWKPLQ>@7KHREMHFWLYHRIWKHPRGHOLVWKHSUH
HVWLPDWLRQRIWKHZDWHUGHPDQGLQKRXUV7KLVIRUHFDVW LVXVHGLQDSUHGLFWRUFRUUHFWRUSURFHGXUHIRUWKHRQOLQH
K\GUDXOLFVWDWHHVWLPDWLRQLQXUEDQZDWHUQHWZRUNV7KHPDLQIDFWRUVFRQVLGHUHGIRUPRGHOOLQJWKHGHPDQGSUHGLFWLRQ
DUHSDVWGHPDQGYDOXHVWKDWFRQVLGHUWKHGDLO\DQGWKHZHHNO\GHPDQGSDWWHUQ,Q>@,VFKPDHOHWDODSSO\VHYHUDO
PRGHOVIURPVWDWLVWLFDODQGPDFKLQHOHDUQLQJWKHRU\WRWKHWDVNRIZDWHUGHPDQGIRUHFDVWLQJ7KH\XVHWZRGLIIHUHQW
DUWLILFLDOQHXUDOQHWZRUNVDQGVXSSRUWYHFWRUUHJUHVVLRQWRSUHGLFWWKHGDLO\ZDWHUGHPDQGRQWKHEDVLVRIWKHSUHYLRXV
GDLO\ZDWHUGHPDQGVDQGWKHDQQXDOHVWLPDWHGSRSXODWLRQRIWKHSURYLQFH$LMXQHWDO>@FRQFHQWUDWHRQJHQHUDWLQJ
SUHGLFWLRQUXOHVIURPREVHUYHGGDWDIRUWKHGHPDQGSUHGLFWLRQ6LQFHWKHHYDOXDWLRQRILQWHUYLHZVZLWKH[SHULHQFHG
RSHUDWRUVOHDGWRLQDGHTXDWHUHVXOWVIRUWKHIRUHFDVWDOWHUQDWLYHPHWKRGVIRUNQRZOHGJHDFTXLVLWLRQKDYHEHHQDSSOLHG
WKURXJKGDWDPLQLQJ7KHSDSHUSUHVHQWDQDSSOLFDWLRQRIURXJKVHWDSSURDFKIRUWKHDXWRPDWHGGLVFRYHU\RIUXOHV
IURPPHDVXUHPHQWGDWD
'XHWRWKHLQFUHDVLQJSRSXODULW\RIPHWKRGVIURPVWDWLVWLFDOOHDUQLQJWKHRU\LQWKHSUHGLFWLRQDQGIRUHFDVWLQJRI
ZDWHUUHVRXUFHYDULDEOHV0DLHUDQG'DQG\SXEOLVKHGDSDSHUPRGHOOLQJLVVXHVDQGDSSOLFDWLRQ>@7KH\RXWOLQHWKH
PDMRUVWHSVWKDWVKRXOGEHIROORZHGLQWKHGHYHORSPHQWRIVXFKPRGHOVWRKHOSLQWKHGHYHORSPHQWRIJXLGHOLQHVIRU
WKHDSSOLFDWLRQRIVXFKPRGHOV
'DWDDQG)HDWXUHV
7KHGDWDVHWXVHGIRUWKHGHYHORSPHQWRIWKHGHPDQGSUHGLFWLRQPRGHOVSUHVHQWHGLQWKLVSDSHUKDVEHHQVXSSOLHG
E\WKH%HUOLQHU:DVVHUEHWULHEH%:%7KH%:%VXSSOLHVGULQNLQJZDWHUWRWKHFLW\DUHDRI%HUOLQWKURXJKDZDWHU
GLVWULEXWLRQQHWZRUNZLWKD OHQJWKRINLORPHWHUV7RNHHSDFRQVWDQWSUHVVXUH WKURXJKRXW WKHFLW\DUHD LW LV
GLYLGHG LQWR WKH  SUHVVXUH ]RQHV ³1|UGOLFKH +RFKVWDGW´ ³gVWOLFKH +RFKVWDGW ZLWK SUHVVXUH ]RQH %XFK´
³7LHIVWDGW´DQG³6GOLFKH+RFKVWDGW´>@

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)LJD&LW\DUHDRI%HUOLQZLWKPDLQSUHVVXUH]RQHVE$JJORPHUDWHGZDWHUGHPDQGIRU|VWO+RFKVWDGWIURPXQWLO
)RUWKLVVWXG\WKHLQIORZDQGRXWIORZYDOXHVRIWKHSUHVVXUH]RQH|VWOLFKH+RFKVWDGWZHUHDYDLODEOH7KLV]RQH
FRQWDLQVWKHGLVWULFWV6WROSH%XFK/LQGHQEHUJDQG/LFKWHQEHUJ7KHGDWDLVJLYHQRYHUDSHULRGRIQHDUO\\HDUV
)LJEGLVSOD\VWKHDJJORPHUDWHGZDWHUGHPDQGIRUWKHDUHDIRUWKH\HDUVDQG7KHGHPDQGGDWD
LVVDPSOHGZLWKDVDPSOHUDWHRIKRXU)URPWKHVHYDOXHVWKHQHWYDOXHRIWKHDJJORPHUDWHGZDWHUGHPDQGIRUWKH
GLVWULFWDUHFDOFXODWHG,QHIIHFWZHKDYHDGDWDVHWRIRYHUVDPSOHVIRUWKHPRGHOOLQJSURFHVVDWRXUGLVSRVDO
7KHZDWHUGHPDQGLQDQXUEDQDUHDLVGHWHUPLQHGE\LQGXVWULDOFRPPHUFLDOSXEOLFDQGGRPHVWLFFRVWXPHUV7KHLU
FRQVXPSWLRQLVLQIOXHQFHGE\IDFWRUVOLNHWKHKRXURIWKHGD\GD\RIWKHZHHNVHDVRQDOYDULDWLRQVZKHWKHUDGD\LVD
KROLGD\RUVFKRROKROLGD\DQGWKHZHDWKHUFRQGLWLRQV$VHOHFWLRQRIWKHVHIDFWRUVWKDWDUHXVHGDVUHJUHVVLRQIDFWRUV
LQDGGLWLRQWRWKHSDVWGHPDQGYDOXHVLVJLYHQE\WKHKRXURIWKHGD\GD\RIWKHZHHNWKHPRQWKDQGDQLQGLFDWRUIRU
ZHHNHQGVDQGKROLGD\V
)RUHFDVWLQJ0RGHOV
0RGHOOLQJ$SSURDFKHV
,QWKLVVHFWLRQZHJLYHDEDVLFORRNRQWKHPRGHOOLQJDSSURDFKHVSUHVHQWHGLQWKLVSDSHU7KHVHDUHWKHFODVVLFDO
WLPHVHULHVDSSURDFKZLWKWKH$5,0$PRGHODQG6XSSRUW9HFWRU5HJUHVVLRQUHSUHVHQWLQJPDFKLQHOHDUQLQJPHWKRGV
$5,0$PRGHOVDUHDJHQHUDOFODVVRIPRGHOVXVHGWRILWWLPHVHULHVGDWDIRUWKHEHWWHUXQGHUVWDQGLQJDQGIRUHFDVWLQJ
RI D QRQVWDWLRQDU\ SURFHVV 7KH\ KDYH EHHQ XVHG LQ D ZLGH YDULHW\ RI DSSOLFDWLRQV UDQJLQJ IURP VWDWLVWLF DQG
HFRQRPHWULFVWRGHPDQGSUHGLFWLRQLQ:'1V$OWKRXJKWKHPHWKRGLWVHOIZDVGHYHORSHGPXFKHDUOLHUWKHV\VWHPDWLF
DSSURDFKIRUDSSO\LQJWKHWHFKQLTXHKDVEHHQSXEOLVKHGE\%R[DQG-HQNLQVLQ>@$5,0$VWDQGVIRU$XWR
5HJUHVVLYH$5,QWHJUDWHG,0RYLQJ$YHUDJH0$7KHDXWRUHJUHVVLYHSDUWGHVFULEHVFRUUHODWLRQVEHWZHHQ WKH
FXUUHQWDQGSDVWYDOXHV1RQ VWDWLRQDU\HIIHFWV LQD VLJQDOFDQEHPRGHOOHGE\ WKH LQWHJUDWHGSDUW DQG WKHPRYLQJ
DYHUDJHPRGHOVGHSHQGHQFLHVRQWKHHUURUVRISDVWYDOXHV7KHUHDUHDQXPEHURIH[WHQVLRQVWRWKHPHWKRGRQHRI
ZKLFKDUH6$5,0$PRGHOV WKDWFRQVLGHUVHDVRQDOHIIHFWVE\XVLQJ WKHYDOXHVIURPSDVWSHULRGV ,Q WKLVSDSHU WKH
6$5,0$PRGHOJLYHVDEDVLFSHUIRUPDQFH WRFRPSDUHRWKHUPRGHOVDJDLQVW0RUH LQIRUPDWLRQRQVWDWLVWLFDO WLPH
VHULHVPRGHOOLQJLVJLYHQLQ>@
7KHVHFRQGPHWKRGXVHGIRUZDWHUGHPDQGIRUHFDVWLQJSUHVHQWHGLQWKLVSDSHULVEDVHGRQ6XSSRUW9HFWRU0DFKLQHV
690V6XSSRUW9HFWRU0DFKLQHVDUHVXSHUYLVHGOHDUQLQJDOJRULWKPVIURPVWDWLVWLFDOOHDUQLQJWKHRU\WKDWDUHXVHGWR
UHFRJQL]HSDWWHUQVLQGDWDIRUFODVVLILFDWLRQ6XSSRUW9HFWRUPDFKLQHVIRUIXQFWLRQHVWLPDWLRQDUHDOVRUHIHUUHGWRD
6XSSRUW9HFWRU5HJUHVVLRQ695,QWKHZRUNSUHVHQWHGLQWKLVSDSHUWKHİ695LVXVHG7KHJRDORIİ695LVWRILQG
DIXQFWLRQWKDWKDVDPD[LPXPGLVWDQFHRIİIURPWKHDFWXDOPHDVXUHPHQWSRLQWVݕ௜DQGDWWKHVDPHWLPHLVDVIODWDV
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SRVVLEOH)RUSRLQWVWKDWGRQRWIDOOZLWKLQWKHPDUJLQİDQDGGLWLRQDOFRVWLVDGGHGSURSRUWLRQDOWRLWVGLVWDQFHIURP
WKHPDUJLQ7KHVHSRLQWVGHILQHWKHVXSSRUWYHFWRUV7KHPRGHOKDVWZRLQGHSHQGHQWSDUDPHWHUV&DQGİWKDWKDYHWR
EHDGMXVWHGIRUILWWLQJWKHPRGHOWRWKHGDWD7KHFRVWIDFWRU&!ZKLFKGHWHUPLQHVWKHWUDGHRIIEHWZHHQWKHIODWQHVV
RIWKHUHJUHVVLRQOLQHDQGWKHGLVWDQFHWRWKHPDUJLQİWKDWLVWROHUDWHG7KH695LVOLQHDUSURFHVVKRZHYHUE\DSSO\LQJ
NHUQHOIXQFWLRQVWKHIHDWXUHVSDFHFDQEHWUDQVIRUPHGDQGWKHVDPHPHWKRGFDQEHXVHGIRUQRQOLQHDUSUREOHPV7KH
NHUQHOIXQFWLRQFDQEHGHILQHGE\SRO\QRPLDOIXQFWLRQV*DXVVLDQUDGLDOEDVLVK\SHUEROLFWDQJHQWDQGPDQ\PRUH,Q
WKHIROORZLQJWKHUDGLDOEDVLV*DXVVLDQNHUQHOZLOOEHXVHG
)RU WKH UHVXOWV SUHVHQWHG LQ WKLV SDSHU KDYH EHHQ JHQHUDWHG XVLQJ D OLEUDU\ IRU VXSSRUW YHFWRUPDFKLQHV FDOOHG
³OLEVYP´>@WKDWLVDYDLODEOHIRUDQXPEHURIGLIIHUHQWSODWIRUPV)RUIXUWKHULQIRUPDWLRQRQWKHVXEMHFWRI6XSSRUW
9HFWRU5HJUHVVLRQWKHUHDGHULVUHIHUUHGWRWKHSDSHURI6PRODDQG6FK|ONRSI>@WKDWJLYHVDGHWDLOHGLQWURGXFWLRQWR
WKHPHWKRG
0RGHOOLQJ$5,0$
$5,0$PRGHOVFRQVLVWRIWKUHHEDVLFSDUWVHDFKRIZKLFKKDVLWVRZQPRGHOOLQJSURFHGXUH6LQFH$50$PRGHOV
DUHPRGHOOLQJVWDWLRQDU\SURFHVVHVWKHILUVWVWHSLVWRWHVWWKHWLPHVHULHVIRUVWDWLRQDULW\,QVWDWLVWLFVWKH'LFNH\)XOOHU
7HVWLVXVHGWRWHVW LIDWLPHVHULHVLVVWDWLRQDU\,WWHVWVWKHQXOOK\SRWKHVLVRIDVWRFKDVWLFSURFHVVZLWKDXQLWURRW
DJDLQVWDQDOWHUQDWLYHSURFHVVZLWKRXWDXQLWURRW7KLVPDNHVLWSRVVLEOHWRGHWHUPLQHLIWKHSURFHVVKDVLQWHJUDWLQJ
SURSHUWLHV)RUWKHZDWHUGHPDQGGDWDIURPWKH%HUOLQDUHDVKRZQLQ)LJEQRQRQVWDWLRQDU\EHKDYLRULVGHWHFWDEOH
7RPDNHVXUHHYHQVPDOOHIIHFWVGRQRWLQIOXHQFHWKHSUHGLFWLRQPRGHODORJWUDQVIRUPDWLRQLVSHUIRUPHGRQWKHGDWD
$IWHUHQVXULQJWKDWWKHWLPHVHULHVLVVWDWLRQDU\WKHQH[WVWHSLVWRGHWHUPLQHWKH$5DQG0$IDFWRUV7KHUHIRUHWZR
KHOSIXOWRROVDUHJLYHQE\WKHDXWRFRUUHODWLRQIXQFWLRQ$&)DQGWKHSDUWLDODXWRFRUUHODWLRQIXQFWLRQ3$&)7KH
DXWRFRUUHODWLRQIXQFWLRQLVWKHFRUUHODWLRQRIWKHVLJQDOZLWKLWVHOIDQGFDQEHXVHGWRILQGUHRFFXUULQJSDWWHUQVLQD
VLJQDO,WLVJLYHQE\
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)LJDVKRZVWKHDXWRFRUUHODWLRQIDFWRUVIRUODJYDOXHVXSWRWZKLFKUHSUHVHQWVDIXOOZHHN7KH$&)KDV
WKUHHPDMRUPRGHVRIEHKDYLRUFRQFHUQLQJ$5,0$PRGHOV,Q$5PRGHOVWKH$&)WDLOVRIIZLWKDIDFWRURIJN+HUH
JLVWKHYDOXHRIWKHILUVWIDFWRUIURPWKH$&)DQGNLVWKHODJ)RU0$PRGHOVWKH$&)FXWVRIIDIWHUWKHUHOHYDQW
IDFWRUVIRUWKHWLPHVHULHV)RUQRQVHDVRQDOPRGHOVWKHEHKDYLRUVKRZQLQ)LJDFRXOGLQGLFDWHDQRQVWDWLRQDU\
WLPHVHULHV6LQFHZHPDGHVXUHLQWKHILUVWVWHSWKDWRXUVLJQDOLVVWDWLRQDU\WKH$&)FRQILUPVWKHLQWXLWLRQWKDWWKH
GDWDLVVWURQJO\LQIOXHQFHGE\GDLO\DQGZHHNO\VHDVRQDOLW\
7KHSDUWLDO DXWRFRUUHODWLRQ IXQFWLRQ 3$&) LVD VHFRQG LPSRUWDQW WRRO IRU WKHPRGHO LGHQWLILFDWLRQ LQ$5,0$
PRGHOOLQJ7KHSDUWLDODXWRFRUUHODWLRQDWDODJNLVWKHDXWRFRUUHODWLRQEHWZHHQ\WDQG\WNWKDWLVQRWH[SODLQHGE\WKH
ODJVLQEHWZHHQ7KH3$&)LVGHILQHGDVSURSRUWLRQRIWKHFRQGLWLRQDOFRYDULDQFHRI\WDQG\WNDQGWKHLUFRQGLWLRQDO
YDULDQFHVDVIROORZV
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   
)LJEVKRZVWKHUHVXOWIRUWKH3$&)SHUIRUPHGRQWKHGDWDVHW7KHPD[LPXPODJLVDJDLQFKRVHQWREHW
,WLVDSSDUHQWWKDWDSDUWIURPWKHGLUHFWGHSHQGHQFHRQWKHODVWIHZKRXUVHVSHFLDOO\WKHSDVWGHPDQGVIURPRQHGD\
DJRDQGDZHHNDJRKDYHDVLJQLILFDQWFRUUHODWLRQWRWKHDFWXDOGHPDQG%DVHGRQWKHDQDO\VLVRIWKHWLPHVHULHVLQWKLV
FKDSWHUDILUVWVWHSIRUWKHGHPDQGSUHGLFWLRQLVD6$5[PRGHO6LPLODUWRWKHPRGHOLQ>@LWLVEDVHGRQWZR
SDVWGHPDQGYDOXHVIRUWKHFXUUHQWKRXUDGD\EHIRUHKRXUVDQGWKHZHHNEHIRUHKRXUV

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 
)LJD$XWRFRUUHODWLRQIDFWRUVIRUWKHZDWHUGHPDQGWLPHVHULHVE3DUWLDODXWRFRUUHODWLRQIDFWRUVIRUWKHZDWHUGHPDQGWLPHVHULHV
0RGHOOLQJ6XSSRUW9HFWRU5HJUHVVLRQ
7KLVVHFWLRQFRYHUVWKHVWHSVWDNHQIRUWKHPRGHOOLQJSURFHVVRIWKH695PRGHO)ROORZLQJWKHUHVXOWVRIWKHDQDO\VLV
GRQHIRUWKH$5,0$PRGHOWKHILUVWDWWHPSWIRUPRGHOOLQJWKH695LVGRQHZLWKWKHVDPHIHDWXUHVHW$JXLGHOLQHIRU
WKHGHYHORSPHQWVWHSVRIPRGHOVIURPPDFKLQHOHDUQLQJWKHRU\LVJLYHQE\>@$QLPSRUWDQWSKDVHLVPRGHOYDOLGDWLRQ
7KHUHIRUHWKHGDWDVHWLVGLYLGHGLQWRDWUDLQLQJVHWWKDWFRQWDLQVDERXWRIWKHVDPSOHVLQDUDQGRPL]HGRUGHUDQG
DYDOLGDWLRQVHW WKDWFRQWDLQV WKHRWKHURI WKH VDPSOHV$OOVXEVHTXHQWPRGHOVDUH WUDLQHGZLWKGDWD IURP WKH
WUDLQLQJVHWDQGWHVWHGRQWKHYDOLGDWLRQVHWWRHYDOXDWHLWVDFFXUDF\DQGJHQHUDOL]LQJSURSHUWLHV7KHILUVWPRGHOOLQJ
VWHSLVWRGHWHUPLQHWKHYDOXHVRIWKHPRGHOSDUDPHWHUVWKHPDUJLQİDQGWKHFRVWIDFWRU&7RGHWHUPLQHWKHVHWKH
PRGHOLVWUDLQHGZLWKWKHWUDLQLQJVHWIRUDVHOHFWLRQRIYDOXHVIRUHS &S >@77KHUHVXOWVDUH
HYDOXDWHGZLWK WKH YDOLGDWLRQ VHW DQG WKH SURFHGXUH LV SHUIRUPHG DJDLQ LQ D VPDOOHU DUHD IRU WKH SDUDPHWHUV 7KH
SDUDPHWHUVGHWHUPLQHGIRUWKHPRGHOLQWKLVSDSHUDUHJLYHQE\& DQGH 7KHVWDQGDUGGHYLDWLRQRIWKH
NHUQHOIXQFWLRQLVVHWWRDYDOXHRIJ 1IHDWXUHV
7KHQH[WVWHSLVWKHHYDOXDWLRQRIWKHILWWLQJDQGJHQHUDOL]DWLRQRIWKHPRGHO)LJDVKRZVWKHOHDUQLQJFXUYHV
IRUWKHKRXUSUHGLFWLRQPRGHOVRIWKH6957KHOHDUQLQJFXUYHV)LJDDQGEVKRZWKHPHDQUHODWLYHHUURURIWKH
WUDLQLQJVHWDQGWKHYDOLGDWLRQVHWDVDIXQFWLRQWKHQXPEHURIWUDLQLQJVDPSOHVXVHGIRUWKHWUDLQLQJRIWKHPRGHO7KH
WUDLQLQJVHWLVXVHGWRILWWKH695WRWKHGDWD7KHYDOLGDWLRQVHWLVXVHGWRWHVWWKHJHQHUDOL]LQJSURSHUWLHVRIWKHPRGHO
)RUDVPDOOVL]HRIWKHWUDLQLQJVHWZHFDQVHHWKDWWKHWUDLQLQJHUURULVVPDOORUHYHQ]HURVLQFHLQWKLVFDVHWKHPRGHO
LVRYHUILWWLQJWKHGDWD$VDUHVXOWWKHPRGHOKDVEDGJHQHUDOL]DWLRQIRUWKHYDOLGDWLRQVHW:LWKDKLJKHUQXPEHURI
WUDLQLQJVDPSOHVWKHJHQHUDOL]DWLRQLVJHWWLQJEHWWHUZKLFKFDQEHVHHQE\WKHGHFUHDVLQJYDOLGDWLRQHUURUEXWDVDQ
HIIHFWWKHWUDLQLQJHUURUULVHV
7KHPRGHOLQ)LJDXVHVILYHDXWRUHJUHVVLYHZDWHUGHPDQGSDUDPHWHUVZLWKWKHODJVWWWWDQGW
$VZHFDQVHHWKHPRGHOKDVDKLJKOHDUQLQJUDWHLQWKHEHJLQQLQJEXWWKHOHDUQLQJUDWHGHFUHDVHVIDVWDQGERWK
WKHWUDLQLQJHUURUDQGWKHYDOLGDWLRQHUURUVKRZPLQLPDOFKDQJHIRUPRUHWKDQWUDLQLQJVDPSOHV,QJHQHUDOWKLV
LV D VLJQ WKDW WKHPRGHOKDVFRQYHUJHG2QHSRVVLELOLW\ WR LPSURYH WKHSHUIRUPDQFHDW WKLVSRLQW LV WRDGG IXUWKHU
IHDWXUHVWRWKHPRGHO
$VZHKDYHVHHQLQWKH3$&)LQ)LJEWKHDXWRUHJUHVVLYHGHPDQGYDOXHVVHOHFWHGIRUWKHPRGHOLQ)LJDDUH
QRWWKHRQO\VLJQLILFDQWODJV'XHWRWKHJHQHURXVDPRXQWRIGDWDVDPSOHVDVHFRQG695PRGHOLVVHWXSWKDWKDV
DXWRUHJUHVVLYHIHDWXUHV7KLVPHDQVWKDWDOOGHPDQGYDOXHVIURPWKHSDVWZHHNDUHXVHGLQWKHPRGHO)LJEVKRZV
WKHOHDUQLQJFXUYHIRUWKHH[WHQGHGPRGHODQGVKRZVWKDWWKHOHDUQLQJFXUYHGRHVQRWFRQYHUJHDVIDVWDVIRUWKHVPDOOHU
PRGHOEXWUHVXOWVLQDVPDOOHUWUDLQLQJDQGYDOLGDWLRQHUURU6WLOOWKHOHDUQLQJFXUYHVKRZVQRIXUWKHULPSURYHPHQWIRU
DWUDLQLQJVHWZLWKPRUHWKDQVDPSOHV7KLVPHDQVDGGLWLRQDOIHDWXUHVFRXOGEHDSSOLHGWRLPSURYHWKHPRGHO
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 
)LJD/HDUQLQJFXUYHIRU695PRGHOZLWKDXWRUHJUHVVLYHSDUDPHWHUVE/HDUQLQJFXUYHIRU695PRGHOZLWKDXWRUHJUHVVLYH
SDUDPHWHUV
5HVXOWV
7KHUHVXOWVGLVFXVVHGLQWKLVVHFWLRQFRPHIURPIRXUGLIIHUHQWPRGHOV7KH\DUHD6$5DQGD695PRGHOIRUWKH
GHPDQG SUHGLFWLRQ  KRXU LQ DGYDQFH DQG D 6$5 DQG D 695PRGHO IRU WKH SUHGLFWLRQ  KRXU LQ DGYDQFH 7KH
HYDOXDWLRQ LV GRQH RQ WKH UHODWLYH HUURU RI WKH ZDWHU GHPDQGV IRUHFDVWV $ PRUH VLJQLILFDQW HYDOXDWLRQ RI WKH
SHUIRUPDQFHRIWKHKRXUSUHGLFWLRQPRGHOVLVJLYHQLQ)LJ)LJDVKRZVWKHKLVWRJUDPRIWKHUHODWLYHHUURUVRI
WKHKRXUO\GHPDQGSUHGLFWLRQIRUDOOSRLQWVIURPWKH\HDUIURPWKHOLQHDUUHJUHVVLRQPRGHO,WLQGLFDWHVWKDW
RIWKHHVWLPDWHVIDOOZLWKLQWKHUHODWLYHHUURUEDQGRIDQGZLWKLQDUDQJHRI)LJELVWKHKLVWRJUDP
IRUWKHUHODWLYHHUURUVRIWKH695PRGHO)URPWKH)LJELWVHHPVWKDWWKHHUURUVDUHVPDOOHUWKDQIRUWKHUHJUHVVLRQ
PRGHO7KHSHUFHQWLOHVVKRZWKDWRIWKHHVWLPDWHVIDOOZLWKLQWKHUHODWLYHHUURUEDQGRIDQGZLWKLQD
UDQJHRI


)LJD5HODWLYHHUURUVIRUWKH6$5PRGHOZLWKDKRXUSUHGLFWLRQVSDQE5HODWLYHHUURUVIRUWKH695PRGHOZLWKDKRXUSUHGLFWLRQVSDQ
(UURUH/
RULJLQH ULIHULPHQWRQRQq VWDWD WURYDWD JLYHV WKH UHODWLYH HUURU KLVWRJUDPV IRU WKH6$5DQG695
SUHGLFWLRQPRGHOVZLWKDSUHGLFWLRQVSDQRIKRXUVDJDLQIRUWKHGDWDIURPVXPPHU)LJDVKRZVWKHUHVXOWV
IRUWKHUHJUHVVLRQPRGHODQGLWLVDSSDUHQWWKDWWKHHUURUVLQFUHDVHGZLWKWKHSUHGLFWLRQVSDQRIWKHHVWLPDWHVVWLOO
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IDOOZLWKLQWKHUHODWLYHHUURUEDQGRIEXWWKHHUURUEDQGIRUH[SDQGWRDUDQJHRIDERXW)RUWKHKRXU
VSDQ695WKHSHUIRUPDQFHGHFUHDVHVDVZHOO7KHSHUFHQWLOHVVKRZWKDWRIWKHHVWLPDWHVIDOOZLWKLQWKHUHODWLYH
HUURUEDQGRIDQGZLWKLQD UDQJHRIEXW WKHVXSSRUWYHFWRU UHJUHVVLRQVWLOORXWSHUIRUPV WKH OLQHDU
UHJUHVVLRQPRGHO


)LJD5HODWLYHHUURUVIRUWKH6$5PRGHOZLWKDKRXUSUHGLFWLRQVSDQE5HODWLYHHUURUVIRUWKH695PRGHOZLWKDKRXUSUHGLFWLRQ
VSDQ
7KHSHUIRUPDQFHGLIIHUHQFHVFDQEHH[SODLQHGE\WKHPHWKRGVLWVHOIVLQFHWKH6$5PRGHOLVDOLQHDUPRGHOOLQJ
DSSURDFKDQGWKH695PRGHOVQRQOLQHDUHIIHFWVZLWKD*DXVVLDQNHUQHOWUDQVIRUPDWLRQ7DEOHJLYHVWKHH[DFW
YDOXHVRIWKHSHUFHQWLOHVRIWKHGLIIHUHQWPRGHOV,QDGGLWLRQLWVKRZVWKHFRUUHODWLRQFRHIILFLHQWEHWZHHQWKHDFWXDO
GHPDQGYDOXHVDQGWKHPRGHOV7KHUHODWLYHHUURUVDUHDOVRHYDOXDWHGE\WKH$&)DQGWKH3$&)ZLWKWKHUHVXOWWKDW
WKHHUURUVRI QRQHRI WKHPRGHODUHZKLWH QRLVHV7KLV LQGLFDWHV WKDW WKHUHDUH VWLOO HIIHFWV LQ WKHGDWD WKDWDUHQRW
H[SODLQHGE\WKHVHOHFWHGIHDWXUHV
&RQFOXVLRQVDQGIXUWKHUZRUN
$VWKHUHVXOWVLQVHFWLRQVKRZERWKSURFHGXUHVIRUWKHSUHGLFWLRQRIWKHZDWHUGHPDQGJLYHJRRGUHVXOWV7KH
PRGHOVDUHDGDSWDEOHIRUGLIIHUHQWSUHGLFWLRQVSDQVUHDFKLQJIURPKRXUWRKRXUVLQWKHIXWXUH7KHPHWKRGFKRVHQ
LQWKHSDSHUDOORZVIRUHYHQORQJHUSUHGLFWLRQVSDQV([SHFWHGO\WKHSUHGLFWLRQHUURUULVHVIRUORQJHUSUHGLFWLRQVSDQV
VLQFHLQIRUPDWLRQIRUWKHLPPHGLDWHSDVWVWURQJO\LQIOXHQFHWKHZDWHUGHPDQGRIWKHVXEVHTXHQWKRXUV,QJHQHUDOWKH
VXSSRUWYHFWRUUHJUHVVLRQPRGHOSHUIRUPHGEHWWHUWKDQWKHVHDVRQDODXWRUHJUHVVLYHPRGHO7KLVLVLQSDUWEHFDXVHWKH
6$5PRGHOLVEDVHGRQOLQHDUUHJUHVVLRQDQGWKH695PRGHOXVHV*DXVVLDQNHUQHOVWRPRGHOQRQOLQHDUHIIHFWV7KH
PRGHOOLQJSURFHVVIRUWKH695VKRZHGWKDWWKURXJKWKHDGGLWLRQRIIXUWKHUDXWRUHJUHVVLYHIHDWXUHVWKHDFFXUDF\RIWKH
SUHGLFWLRQZDVLPSURYHGE\DERXW6WLOOWKHHYDOXDWLRQRIWKHUHODWLYHHUURUVRIDOOPRGHOVLQGLFDWHGWKDWWKHHUURUV
DUHQRWPDGHXSRIZKLWHQRLVHVRWKHUHLVVWLOODPDUJLQWRLPSURYHWKHPRGHO/LWHUDWXUHVXJJHVWVWKDWPHWHRURORJLFDO
IHDWXUHVOLNHUDLQIDOOUHODWLYHKXPLGLW\DQGFORXGDPRXQWKDYHDQLQIOXHQFHRQWKHZDWHUGHPDQGWKDWLVQRWPRGHOHG
LQWKLVSDSHU
)RUIXWXUHZRUNWKHUHDUHWZRPDLQLVVXHVWKDWKDYHWREHDGGUHVVHG7KHILUVWRQHLVORQJHUWHUPSUHGLFWLRQ7KLV
PHDQVIRURQHWKHXQFHUWDLQW\RIWKHSUHGLFWLRQZLWKULVLQJSUHGLFWLRQVSDQVDQGWKHSUHGLFWLRQRIWUHQGV$QDSSURDFK
IRU6XSSRUW9HFWRU0DFKLQHV LV LQFUHPHQWDO OHDUQLQJ7KLVDOORZV WKHPRGHO WRDGDSW WRFKDQJLQJFRQGLWLRQVDQG
LPSURYHWKHGHPDQGIRUHFDVWIRUFKDQJLQJFRQGLWLRQV7KHVHFRQGLVVXHLVWKHSUHGLFWLRQRIWKHZDWHUGHPDQGVIRU
VPDOOHUDUHDVLQWKHFLW\2QHRIWKHUHDVRQVIRUWKHJRRGSHUIRUPDQFHRIWKHPRGHOVSUHVHQWHGLQWKLVSDSHULVWKDWZH
REVHUYHWKHFRQVXPSWLRQJDWKHUHGIRUDUHODWLYHO\ODUJHDUHD7KLVPHDQVWKDWIOXFWXDWLRQVLQWKHLQGLYLGXDOEHKDYLRU
DUHQRWDVLPSRUWDQWIRUWKHZDWHUGHPDQG,QFRQFHQWUDWLQJRQVPDOOHUDUHDVWKHXQFHUWDLQW\RIWKHSUHGLFWLRQULVHV
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7DEOH3HUFHQWLOHVRIUHODWLYHHUURUVIRUWKHSUHGLFWLRQPRGHOV
3HUFHQWLOHV    &&
6$5+RXU    
695+RXU    
6$5+RXU    
695+RXU    
$FNQRZOHGJHPHQWV
7KHZRUNSUHVHQWHGLQWKHSDSHULVSDUWRIWKH)UHQFK*HUPDQFROODERUDWLYHUHVHDUFKSURMHFW60D572QOLQH:'1
WKDWLVIXQGHGE\WKH)UHQFK1DWLRQDO5HVHDUFK$JHQF\$15SURMHFW$156(&8DQGWKH*HUPDQ)HGHUDO
0LQLVWU\RI(GXFDWLRQDQG5HVHDUFK%0%)SURMHFW1
5HIHUHQFHV
>@6/=KRX7$0F0DKRQ$:DOWRQ-/HZLV)RUHFDVWLQJGDLO\XUEDQZDWHUGHPDQGDFDVHVWXG\RI0HOERXUQH-RI+\GURORJ\

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